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Nitrogen (N) is one of the main nutrient components of cereals, widely used as N-fertilizer, which affects the quantity 
and quality of the crop yield. Azospirillum spp., one of the most studied and used diazotrophic plant growth promoting 
bacteria (PGPB) as an alternative to fertilizers. This genus mostly lives in associative with roots of cereals with a 
prominent potentiality to promote the plant growth. The mechanism(s) of recognition, signaling events and metabolic 
adaptations underlying the establishment of the intimate interactions between diazotrophic endophytes and cereals are 
yet to be clarified. In the present study, I investigated the mechanisms and the relationship between N-dependent nutrient 
condition and colonization by Azospirillum sp. B510 (a free-living N-fixing bacterium isolated from the stems of rice, 
Oryza sativa cv. Nipponbare) in rice plant in the laboratory as well as in the paddy field conditions. Under the laboratory 
conditions, I conducted the studies to analyze the: i) effect of different sources and concentrations of N on the 
colonization of B510; ii) factors in plant and B510, which are essential for effective interaction; and iii) abiotic changes 
in the plant rhizosphere. In the field conditions, I carried out the study to investigate the: i) impact of N-fertilization on 
the endophytic colonization of rice plant by Azospirillum spp.; ii) importance of OsCCaMK (a rice gene for common 
microbial symbiosis pathway) on rice-B510 symbiosis; and iii) effect of B510 inoculation on the expression of 
OsCCaMK. 
     In the laboratory conditions, I observed the effects of the N-sources, potassium nitrate (KNO3), ammonium chloride 
(NH4Cl), urea (CO[NH2]2) and ammonium nitrate (NH4NO3) at different concentrations (0.01–10 mM) on the 
colonization by B510. For these examinations, the rice plants were cultivated for 10 days without or with inoculation 
of B510. Results showed that N promoted the plant growth in a concentration-dependent manner. However, the root 
   
 
   
 
length was decreased in the plant grown under higher concentration of NH4Cl and urea. The bacterial colonization was 
markedly suppressed on the media containing NH4+ concentrations higher than 1 mM. Since concentrations of up to 
and including 10 mM NH4+ did not exhibit any antibacterial activity, I then analyzed several factors affecting the NH4+-
dependent inhibition of endophytic colonization, including the accumulation of the reactive oxygen species H2O2 and 
the secretion of the chemotactic substrate malic acid. The accumulation of H2O2 was increased in the rice roots grown 
on 1 mM NH4Cl. The amounts of malic acid secreted from NH4+-grown rice plants were lower than those secreted from 
the plants grown without N or with KNO3. Although B510 exhibited chemotactic activity, moving towards root exudates 
from the plants grown without N and KNO3-grown plants, this activity was not observed with root exudates from NH4+-
grown plants. NH4+, but not NO3−, caused the acidification of growth media, which inhibited the plant bacterial 
colonization. These NH4+-dependent phenomena were substantially suppressed by the stabilization of medium pH using 
a buffer. These results demonstrate that the type and concentration of N-fertilizer affect the colonization of the rice 
plants by B510. 
     Based on the laboratory observations, I further aimed to investigate the influence of NH4+ on rice-Azospirillum 
symbiosis in a paddy field condition. The rice plants were cultivated under a lower nitrogen (LN) (0 kg N ha−1) and 
standard nitrogen (SN) (20 kg N ha−1) plots. Ammonium sulphate (NH4SO4) was used as N-fertilizer. Two rice 
genotypes, O. sativa subsp. japonica cv. Nipponbare and O. sativa CCaMK (OsCCaMK) mutant (NE1115) of 
Nipponbare were cultivated for 60 days (reproductive stage) and analyzed. Results demonstrated that SN-fertilization 
had no significant effect on decreasing the number of Azospirillum spp. The number of Azospirillum spp. was 
remarkably reduced in all the treatments of NE1115 compared to Nipponbare. The quantitative PCR analysis 
demonstrates that the inoculation of B510 upregulated the expression of OsCCaMK gene whereas, 50% less upregulated 
under the SN field condition, implying that rice plants respond to the recruitment of endophyte depending on CSP. The 
seed yield was significantly decreased in all the treatments of NE1115 compared to Nipponbare whereas, the root length 
of Nipponbare was decreased in SN treatment, indicating that OsCCaMK play an important role in grain and root 
development. The soil pH decreases (about pH 0.5), subjected to N-fertilization in the seedling's nursery trays while no 
fluctuation was observed in the paddy field. 
     This study suggests that N-nutrient influences different biotic and abiotic factors related to the endophytic association 
of Azospirillum spp. in the rice plant. Future studies on determination of the optimal combination of N-application with 
B510 inoculation considering rice cultivar, localization of B510 in the rice plant, rice cultivation stages may help to 
improve (i.e. stabilize) the colonization of endophytes in rice plant. I believe that this study ultimately will help in better 
understanding of the rice-endophyte interaction and aid in the development of biofertilizer(s) as well as reducing the N-
fertilization and environmental problems. 
 
